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Abstract 
Supplier evaluation and selection is complex which caused by the dynamic and 
fuzzy environment. Current MCDM methods do not consider the nature of the 
environment that can affect the process of evaluation and ranking. The aim of this 
study is to propose a dynamic fuzzy hybrid MCDM method for evaluation, 
ranking and selection. The proposed method employs Fuzzy Analytic Hierarchy 
Process (FAHP) for weighting of criteria, and Fuzzy Inference System (FIS). The 
FIS determines the effectiveness ratio for FAHP method and Fuzzy Technique for 
Order Performance by Similarity to Ideal Solution (FTOPSIS). The proposed 
method has been applied for supplier selection in a steel company to illustrate its 
applicability, flexibility and accuracy in different decision making situations. 
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  Introduction 
Nowadays an intense competition in global markets has caused companies focus 
attention on their entire supply chain. In supply chain, the cost and quality of receiving 
products and services from suppliers has a great influence on the cost and quality of end 
products. Therefore, supplier selection is a key factor of supply chain management and an 
accurate supplier evaluation supplies a major opportunity for companies to manufacture its 
products with high quality and low price. The supplier evaluation and selection problem is a 
Fuzzy MCDM (FMCDM) problem, MCDM problem as several criteria must be taken into 
account in decision-making, and a fuzzy problem where supplier evaluation is based on 
uncertain and imprecise decision makers’ opinions. However, conventional MCDM methods 
could not deal with supplier selection problem properly and this has encouraged the 
researchers to improve these methods under fuzzy environment. Initially Bellman and Prof. 
Zadeh (1965) proposed fuzzy decision making and followed by that, FMCDM developed to 
extend MCDM methods under fuzzy environment. Li was the first who introduced a new 
method to solve fuzzy Multi Attribute Decision Making (MADM) problems and proposed 
corresponding methods (Li, Wong, & Kwong, 2013). In the literature, various MCDM 
methods with fuzzy extension have employed in supplier evaluation and selection such as 
AHP (Kilincci, & Onal, 2011; Chan, F.T.S. , &  Kumar, 2007) , TOPSIS (Bottani, E. , & 
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Rizzi,2006; Boran, et al. , 2009), ANP (Vinodh, , Anesh Ramiya, & Gautham , 2011), 
VIKOR (Chen & Wang, 2009; Sanayei, Mousavi, & Yazdankhah, 2010) and DEMATEL 
(Dalalah, Hayajneh, & Batieha, 2011). Although, outranking MCDM methods such 
ELECTREE and PROMETHEE are lesser-known to employ for supplier selection. However 
there is no better or even worse methods, but some of the methods best suited to specific DM 
problems than others (Mergias et al., 2007; Bufardi, et al., 2004; Dagdeviren, Yavuz, & 
Kilinc, 2009) . Since, selecting appropriate FMCDM methods is important in FMCDM 
problems, and to deal with this, it is necessary to consider DM environment and its effective 
situations in considered DM problem. However, the environment and situations of decision 
making are not stable for different DM problems such various supplier selections. Therefore 
even selecting an appropriate FMCDM method without considering to changing DM 
situations does not give accurate results for all types of DMs/supplier selections with different 
environments. Accordingly, in this study our objective is to propose Dynamic Fuzzy Hybrid 
MCDM Method (DFHM) to help decision makers in accurate selecting of the best supplier 
among a set of alternatives. DFHM optimizes the process of MCDM through three strategies: 
methods selection based on DM environment, integration of methods to overcome their 
limitations and aggregate their strengths, and DM fuzzification. In method selection, FAHP 
and FTOPSIS as most applicable methods for evaluation and ranking purposes (Boran, et al., 
2009; Dagdeviren, et al., 2009; Cebeci, 2009; Wang, Cheng, & Kun-Cheng, 2009; Dursun & 
Karsak, 2010;  Ertugrul & Karakasoglu, 2009; Kelemenis & Askounis, 2010;  Weck, et 
al.,1997) as well as appropriate methods to deal with supplier selection have selected as 
general methods, then based on DM situations one of them or combination of both of them 
chooses for supplier ranking. However, FIS evaluates DM situations and determines the 
effectiveness ratio of FAHP and FTOPSIS based on situation of alternatives, criteria and 
decision makers. In method integration FAHP is utilized to deal with criteria weighting and 
FTOPSIS utilized to deal with alternative ranking under conditions as will explained later. In 
DM fuzzification we employ fuzzy set theory to handle vagueness and subjectivity of 
linguistic variables which are produced by decision makers for assessing criteria, alternatives 
and DM situations. Linguistic variables can express using different Membership Functions 
(MFs) such triangular MFs (Van de Walle & Turoff, 2009) or trapezoidal MFs (Buckley, 
1985). Although, in evaluating DM situations using developed FIS, for each situation the 
appropriate MF is considered based on the attitude of considered situation. However, there 
are four major steps to implement proposed method:  
1. Employ FAHP method for evaluation and weighting criteria.  
2. Developing a FIS to determine impact of each method based on DM environment. 
3. Selecting a suitable method or combination of methods according to methods impact.  
4. Appling selected method for evaluation and ranking of suppliers. 
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The remainder of this paper is organized as follows. The fuzzy MCDM method used in 
proposed hybrid method is introduced and reviewed in section 1. In section 2, dynamic fuzzy 
hybrid method is proposed. Section 3 provides an empirical example for supplier selection, 
result analysis and discussion to illustrate the proposed method. Section 4 concludes the 
paper.  
 
Method 
This research proposes Dynamic Fuzzy Hybrid Method (DFHM) to integrate FAHP and 
FTOPSIS methods and get benefit from their strengths and overcome their limitations 
synchronically. In implementation of decision making method, in step of data collection we 
have some interviews with managers and decision makers to get their opinion regarding the 
criteria, suppliers and decision making situations. Therefore we need knowledge mining on 
the human mind and uncertainty is the most important problem in human knowledge mining. 
The use of fuzzy set theory enables the experts to include non-available, qualitative and 
incomplete data as well as in part ignorance data in decision analysis. Hence we used fuzzy 
set theory for following steps: 
- Fuzzification of collecting data from decision makers, 
- Weighting of criteria, 
- Developing a Fuzzy Inference System (FIS)  
- Evaluation and ranking of suppliers. 
Figure 1 shows the process of DFHM method. Firstly DFHM receives experts’ opinion 
regarding the importance of criteria and alternative and also condition of criteria, alternatives 
and decision makers. Experts’ opinion fuzzifies and used for weighting of criteria by FAHP 
method and preparing input for Fuzzy Inference System (FIS). FIS determines FAHP Impact 
(AHPI) and FTOPSIS Impact (TOPSISI) according condition of decision making. Based on 
this method impacts in a suitable way is selected for evaluation of alternatives. The last stage 
of the method is ranked according achieved the importance of alternatives from FTOPSIS, 
FAHP or both. 
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Figure1. Dynamic fuzzy hybrid method (DFHM) process. 
 
In decision makings problems with complex structures there are levels of criteria and sub 
criteria. AHP method composes hierarchy tree for criteria, sub criteria and alternatives and 
using this hierarchical process is able to organize complex decision making even with multi 
level of sub criteria. In contrast, the TOPSIS method does not use hierarchy process to 
analyze complex decision making and for weighting does not distinguish between criteria 
and sub criteria. Therefore DFHM in first step uses FAHP method to compose hierarchy tree 
and weighting criteria that cause to reduce complexity of DSS, this adopted from the hybrid 
method which discussed in the previous section. Sometimes AHP has very complex 
computations which increase executing time of decision making. DFHM determines suitable 
method for continuing of the decision making process to skip complex computations. 
 
Analysis 
According to FIS output, FAHP impact is very low and FTOPSIS impact is very high. 
In this condition FTOPSIS is selected for evaluation and ranking of suppliers. Hence through 
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following steps we achieved rank of suppliers: 
Step 1: Construct the fuzzy performance rating matrix and set appropriate TFN to 
convert experts’ opinion (Table 1).   
 
Table1  
Fuzzy Performance Rating Matrix 
 T.A O.D F.C Q.A 
S1 (4, 5, 6) (5, 6, 7) (3, 4, 5) (7, 8, 9) 
S2 (3, 4, 5) (4, 5, 6) (6, 7, 8) (5, 6, 7) 
S3 (8, 9, 10) (1, 2, 3) (5, 6, 7) (1, 1, 1) 
S4 (1, 1, 1) (6, 7, 8) (4, 5, 6) (6, 7, 8) 
S5 (1, 2, 3) (3, 4, 5) (1, 2, 3) (4, 5, 6) 
S6 (6, 7, 8) (7, 8, 9) (3, 4, 5) (8, 9, 10) 
S7 (3, 4, 5) (8, 9, 10) (7, 8, 9) (2, 3, 4) 
S8 (2, 3, 4) (2, 3, 4) (8, 9, 10) (1, 2, 3) 
 
Step 2: Construct weighted normalized fuzzy decision matrix (Table 2). 
 
Table 2 
Weighted Fuzzy Performance Rating Matrix  
 T.A O.D F.C Q.A 
S1 (2.00, 2.50, 3.00) (1.50, 1.80, 2.10) (0.36, 0.48, 0.60) (0.56, 0.64, 0.72) 
S2 (1.50, 2.00, 2.50) (1.20, 1.50,  1.80) (0.72, 0.84, 0.96) (0.40, 0.48, 0.56) 
S3 (4.00, 4.50, 5.00) (0.30, 0.60, 0.90) (0.60, 0.72, 0.84) (0.08, 0.08, 0.08) 
S4 (0.50, 0.50, 0.50) (1.80, 2.10, 2.40) (0.48, 0.60, 0.72) (0.48, 0.56, 0.64) 
S5 (0.50, 1.00, 1.50) (0.90, 1.20, 1.50) (0.12, 0.24, 0.36) (0.32, 0.40, 0.48) 
S6 (3.00, 3.50, 4.00) (2.10, 2.40, 2.70) (0.36, 0.48, 0.60) (0.64, 0.72, 0.80) 
S7 (1.50, 2.00, 2.50) (2.40, 2.70, 3.00) (0.84, 0.96, 1.08) (0.16, 0.24, 0.32) 
S8 (1.00, 1.50, 2.00) (0.60, 0.90, 1.20 ) (0.96, 1.08, 1.20) (0.08,0.16, 0.24) 
Step 3: Determine positive-ideal(A∗)  and negative ideal (A−) solutions. In this study all 
the criteria are benefit criteria, (max
j
vij| i ∈ I
ˊ) is applied for(A∗) and (min
j
vij| i ∈ I
ˊ) is 
applied for (A−) (Table 3). 
 
 
 
 
 
Table 3  
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PIS and NIS for Evaluation of Suppliers 
 T.A O.D F.C Q.A 
A∗ (4.00, 4.50, 5.00) (2.40, 2.70, 3.00) (0.96, 1.08, 1.20) (0.64, 0.72, 0.80) 
A− (0.50, 0.50, 0.50) (0.30, 0.60, 0.90) (0.12, 0.24, 0.36) (0.08, 0.08, 0.08) 
 
Step 4: Calculate the distance of each supplier from A∗ and also from  A−. This step has 
illustrated for S1. 
D1
∗ = √
1
3
 [(4.00 − 2.00)2 + (4.50 − 2.50)2 + (5.00 − 3.00)2]
+ √
1
3
 [(2.40 − 1.50)2 + (2.70 − 1.80)2 + (3.00 − 2.10)2]
+ √
1
3
 [(0.96 − 0.36)2 + (1.08 − 0.48)2 + (1.20 − 0.60)2]
+ √
1
3
 [(0.64 − 0.56)2 + (0.72 − 0.64)2 + (0.80 − 0.72)2] = 3.58 
 
D1
− = √
1
3
 [(0.50 − 2.00)2 + (0.50 − 2.50)2 + (0.50 − 3.00)2]
+ √
1
3
 [(0.30 − 1.50)2 + (0.60 − 1.80)2 + (0.90 − 2.10)2]
+ √
1
3
 [(0.12 − 0.36)2 + (0.24 − 0.48)2 + (0.36 − 0.60)2]
+ √
1
3
 [(0.08 − 0.56)2 + (0.08 − 0.64)2 + (0.08 − 0.72)2] = 4.33 
 
Step 5: Calculate similarities to ideal solution or satisfaction degree. This step also 
illustrated for CC1
−. 
CC1
− =
D1
−
D1
∗ +D1
− = 0.54740 
Step 6: Finally, Ranking suppliers according to CCj
− in descending order (Table 4). 
 
 
 
 
Table 4 
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Result of Supplier Evaluation  
Suppliers Satisfaction degree(CCj
−) Final ranking 
Tadavom Sanaye (S6) 0.75032 1 
Rahbaran Foolad (S3) 0.60483 2 
Tara (S7) 0.59420 3 
Kahroba (S1) 0.54740 4 
Barghara (S2) 0.43984 5 
Alitajhiz (S4) 0.30789 6 
Mattex (S8) 0.30240 7 
Veghar Kavir (S5) 0.20389 8 
 
Conclusion 
This study integrated FAHP and FTOPSIS which are suitable methods for supplier 
selection problems. We criticized the supplier selection problems and found the important 
situations which considering to them lead to choose the most suited method for ranking 
alternatives in our proposed method.    
From the FAHP results, concluded that the first important criteria for evaluation of 
supplier is technical abilities moreover the less important criteria is quality assurance. For 
selecting ball bearing suppliers, FTOPSIS method selected by proposing FIS for final 
ranking. From FTOPSIS method concluded that Tadavom Sanaye is the best supplier to 
select.  
In this study, supplier selection situations have been considered to choose suitable 
method for supplier ranking. However, in future study types of we will develop the proposed 
method to a general framework for method selection in all MCDM problems. 
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